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°10-1. Determine the moment of inertia of the area about 
the x axis. 


The area of the rectangular differential element in Fig. ais dA =(2—x)dy.Since x = (4y 3 then 
dh = f2-(4y)"9] dy. 


i= | yrds 
A 


2m 
= j y?[2-(4y)'8] ay 


2m 
={ (2y? — 419 y7!3) ay 
0 


3 m 
=| 27__ 3: (4v3)\,108 = 4 
3 4 )y = 0.533 m 
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10-2. Determine the moment of inertia of the area about 
the y axis. 


3 
The area of the rectangular differential element in Fig. ais dA = ydx = = a. 
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10-3. Determine the moment of inertia of the area about 
the x axis. 


yy. 3 11/3 
3 41 


= 0.0606 m* 


929 


10 Solutions 44918 1/28/09 4:21 PM Page 930 ¢ 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*10-4. Determine the moment of inertia of the area about 
the y axis. 


The area of the rectangular differential element in Fig. aisdA = ydx = x am a. 
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°10-5. Determine the moment of inertia of the area about 
the x axis. 


EEE TN 
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10-6. Determine the moment of inertia of the area about 
the y axis. 
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10-7. Determine the moment of inertia of the area about 
the x axis. 


The moment of inertia of the area about the.x axis will be determined using the rectangular differential 
element in Fig. a. This area is 


V4 
a=a-26-|1-(2) |e 


Rae J 
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*10-8. Determine the moment of inertia of the area about 
the y axis. 


The moment of inertia of the area about the y axis will be determined using the rectangular differential 
element in Fig. a. This area is 


dA =y dk = 2x4 dx 


1m im 2 m 
ly | x2dA = { x?(2x4ar) =f 2x6 de = Ga =0.286m* Ans. 
A 0 0 7 
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¢10-9. Determine the polar moment of inertia of the area 
about the z axis passing through point O. 


+—— | m —+ 


The moment of inertia of the area about the.x and y axes will be determined using the rectangular differential 
element in Figs. a and b. The area of these two elements are 


v4 
a=0-96-|1-(2) |orand = r= de. 


Thus, the polar moment of inertia of the area about the z axis is 
4 
Jo = 1, + ly = 0.2051 + 0.2857 = 0.491 m 
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10-10. Determine the moment of inertia of the area about 
the x axis. 


Differential Element : Here, x = y3. The area of the differential element 
parallel to xaxis is dA = xdy = y¥dy ‘ 


Moment of Inertia : Applying Eq. 10— land performing the integration, we 
have dy 


4 =] y'dA =f" roy 


(ent 


= 307 in‘ 


10-11. Determine the moment of inertia of the area about 
the y axis. 


Differential Element : The area of the differential element parallel to yaxis is 
dA = (8-y)dx=(8-x°) de. 


Moment of Inertia : Applying Eq. 10-1 and performing the integration, we 
have 


936 


10 Solutions 44918 1/28/09 4:21 PM Page 937 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*10-12. Determine the moment of inertia of the area 
about the x axis. 


Differential Element : The area of the differential element parallel to y axis 
is dA = ydx . The moment of inertia of this element about x axis is 


dl, = dl, +day* 
1 3 yy 
= yt" +y4s(5) 
= 5 (2-297) ae 
= 5 (8? +240" 243? +8) de 


Moment of Inertia: Performing the integration, we have 


L=fd,= 5 f, (Be #24240 +8) a 
; (-}" ots ar 


= 1.54 in‘ 


a 


°10-13. Determine the moment of inertia of the area 
about the y axis. 


Differential Element : The area of the differential element parallel to yaxis is 
dA = ydx = (2-2x°) dr. 


Moment of Inertia : Applying Eq. 10— land performing the integration, we 
have 


\" 
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10-14. Determine the moment of inertia of the area about 
the x axis. Solve the problem in two ways, using rectangular 
differential elements: (a) having a thickness of dx, and 
(b) having a thickness of dy. 


a)Differential Element : The area of the differential element parallel to y axis 
is dA = ydx . The moment of inertia of this element about x axis is 


di, = di,,+dAj* 
_ 1 5) yy 
= 5 (de)y’ +yde(2) 
= 5(4-40)' ae 


= 5 (“Ota + 192" ~ 19257 + 64) de 


Moment of Inertia : Performing the integration, we have 
lin. | 6 ‘ 2 
7 3 (oe + 192x* — 192x" + 64) dx 
lie. 


lie. 

(-tts? + eee) 
5 3 

= 19.5 in* Ans 


b)Differential Element : Here, x = 574-7. The ara ofthe differentia 
element parallel to x axis is dA = 2xdy = /4—ydy . 


Moment of Inertia : Applying Eq. 10-1 and performing the integration, we 
have 


I, =f ya 
a Jy Va= yay 


- 2y? _ 3_ 8y } 16 1) 
[ (4-9-2 (4-y)}- (4-9) I 


= 19,5 in‘ 
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10-15. Determine the moment of inertia of the area about 
the y axis. Solve the problem in two ways, using rectangular 
differential elements: (a) having a thickness of dx, and 
(b) having a thickness of dy. 


a)Differential Element : The area of the differential element parallel to yaxis 
is dA = ydx = (4~4x*) dr. 


Moment of Inertia : Applying Eq. 10-1 and performing the integration, we 
have 


yn 


1 
b)Differential Element : Here, x = ay 4=7: The moment of inertia of the 
differential element about y axis is 


1 32 3 1 3 
di, = = (dy) (2x ) = 52°dy = 5 (4-y)*dy 


Moment of Inertia : Pexforming the integration, we have 


dia. 
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*10-16. Determine the moment of inertia of the triangular 
area about the x axis. 


Area of the differential element (shaded) dA = xdy where x = b- By, hence, 
dA = xdy = (b- Ey) dy. 


=) yaa= J (6-Zy) 


-Sier-p)> 


b by" 
aang M 


¢10-17. Determine the moment of inertia of the triangular 
area about the y axis. 


Area of the differential element (shaded) dA = ydx where y= h— $x, hence, 
dA = yx = (h- $x) de. 


5 =, Pda= f2(n—Be)ae 
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10-18. Determine the moment of inertia of the area about 
the x axis. 


Differential Element : Here, x >= zy The area of the differential element 
h 


parallel to xaxis is dA = xdy = fac F 


Moment of Inertia : Applying Eq. 10-1 and performing the integration, we 


k 
bs: 
=f yas] yl 
A ° h 


have 


10-19. Determine the moment of inertia of the area about 
the y axis. 


Differential Element : The area of the differential element parallel to yaxis is 
dA= (hyde = (n= Fae. 


Moment of Inertia : Applying Eq. 10-1 and performing the integration, we 
have 
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*10-20. Determine the moment of inertia of the area 
about the x axis. 


di, = dig+ day? 


- hay sra(f) 
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e10-21. Determine the moment of inertia of the area 
about the y axis. 


dl, = di; + dAx* 
= Ly (8-9) + (8-21) of et(a-v)) 


=[5(8-2)'+ (8-)(QO'+9)'] 4 


z 
5 = fa, = {[ke-n"+ (8-2)()o%+8)"] & = 307 Am 


Also, 


s 
h=J2u=] 2 yds [eee mal = 307in' Ans 
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10-22. Determine the moment of inertia of the area about 
the x axis. 


y =2cos Fx) 


10-23. Determine the moment of inertia of the area about 
the y axis. 


y = 2 cos (Fx) 


944 


10 Solutions 44918 1/28/09 4:21 PM Page 945 ¢ 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*10-24. Determine the moment of inertia of the area 
about the x axis. 


Differential Element: The area of the differential element shown shaded in Fig.a is 
dA = (rd@) dr. 


Moment of Inertia: 
ml2 pH 
0 =| y7dA = J r? sin? @ (rd@)dr 
A -7/240 


1/12 pI 
= r? sin? @drd0 
—72/240 


However, sin? 6 = >i — cos 29 ). Thus, 


n/2 n* 
i | ——(1- cos 29)d0 
-ni2 4 
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°10-25. Determine the moment of inertia of the area 
about the y axis. 


Differential Element: The area of the differential element shown shaded in Fig. a is 
dA = (rd@) dr. 


Moment of Inertia: 


m/I2 pr 
ly =| x°dA = ) r? cos? @(rd0 dr 
A —-1/12¢0 


However, cos? @ = 5 (cos28 +1). Thus, 


n/2 n* 
| “gs + 18 


1 12 
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10-26. Determine the polar moment of inertia of the area 
about the z axis passing through point O. 


10-27. Determine the distance y to the centroid of the 
beam’s cross-sectional area; then find the moment of inertia 
about the x’ axis. 


=, EIA ” 1(6){2) + 2f 4(4\(1) 
7 IA 62)+ 2,41) =2.20 in 


1 
hy = 7502) + 6(2\2.20- y+2f Seay + 1(4)(4-2.207] 


‘= 57.9 in* Ans 
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*10-28. Determine the moment of inertia of the beam’s 
cross-sectional area about the x axis. 


1 
i= [F502 +orann] +2f axa +canare*] 


=15Sin* Ans 


10-29. Determine the moment of inertia of the beam’s 
cross-sectional area about the y axis. 


= = 3 as 3 zle 4 
4 702) +f Sean +1415] 54.7 in 
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10-30. Determine the moment of inertia of the beam’s 


cross-sectional area about the x axis. 60tam | 60s 
¢ 


15mm —| |- 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into segments as shown in Fig. a. The 
perpendicular distance measured from the centroid of each segment to the.x axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the x axis can be determined using the parallel - axis theorem. 
Thus, 


I, = Ty +A(dy)? 


-| Fa15x300°)}+ xisx 300.07 |e 4 ba20cs>}+ 2120315150? | 


= 67.4 10°) + 9.0675 10°) = 76.6(10°) mm* 
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10-31. Determine the moment of inertia of the beam’s 
cross-sectional area about the y axis. 


60 mm a mm 


15mm 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into segments as shown in Fig. a. The 
perpendicular distance measured from the centroid of each segment to they axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the x axis can be determined using the parallel - axis theorem. 
Thus, 


ly =]y +A(dx)? 


z [+ eomns?s)+ x 300154675" +{{ -<15)020%)}+ 2120x1590) | 


= 41.1710) + 4.3% 10°) = 45.5(10° )mm* 
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*10-32. Determine the moment of inertia of the 


composite area about the x axis. 


150 mm | 150 mm | 


Composite Parts: The composite area can be subdivided into three segments as shown in Fig.a. Since segment (3) is a hole, it contributes a 
negative moment of inertia. The perpendicular distance measured from the centroid of each segment to the.x axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the x axis can be determined using the parallel - axis theorem. Thus, 


I, = 1, + Ady)” 
| (300.2003 +4. aoox200{ 202) + [5:200%200%)+ 300; 200,100)? |+{ -2 e754) (-7075%)}100?| 
36 2 3 12 4 

Ans. 


= 79% 10°) mm* 
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10-33. Determine the moment of inertia of the 
composite area about the y axis. 


150 mm_| 150 mm 


Composite Parts: The composite area can be subdivided into three segments as shown in Fig.a. Since segment (3) is a hole, it contributes 
a negative moment of inertia. The perpendicular distance measured from the centroid of each segment to the y axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the y axis can be determined using the parallel - axis theorem. Thus, 
ly =]y +A(d,)* 


= [ $-200x 2008 +200, 3003 280? |+| + c200,300° + 200300, 450)? |+[ -% (754 )+(-n075?),450) | 


= 10.10? ) mm* Ans, 
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10-34. Determine the distance y to the centroid of the 
beam’s cross-sectional area; then determine the moment of 
inertia about the x’ axis. 


Centroid : The area of each segment and its respective centroid are tabulated below. 
Somn <5mm 


ee 50mm 


Segment A(mm*) y(mm) yA(mm’) 
1 50( 100) 15 375(10°) 
325(25) 12.5 101.5625(10°) 
25(100)  -50 = -125(10*) 


15.625( 10°) 351.5625( 10°) 


_ LyA 351.5625( 10°) 


TA * 15625(10) -=5™™ -_ 


Moment of Inertia : The moment of inertia about the x’ axis for each segment can be determined 
50am 25mm 
using the parallel — axis theorem J,. = I,. +Ad’. i: 


Segment A;(mm’) (d,),(mm) (/,.),(mm*) (Ad?),(mm‘) (/,-), (mm) 
1 50(100) 52.5 #_(50)(100°) —-13.781(108) ——17.948( 10°) 
2 325(25) 10 #_(325)(25?) —0.8125(10%) 1.236 108) 
3 25( 100) 72.5 ty (25)(100?)13.141(10%)—15.224(10°) 


h, = E(l,-), = 34.41( 10°) mm‘ = 34.4( 10°) mm’ Ans 
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10-35. Determine the moment of inertia of the beam’s 
cross-sectional area about the y axis. 


Moment of Inertia : The moment of inertia about the y’ axis for each segment can be determined using 


the parallel — axis theorem ,. = J. +Ad?. De 25mm 
\ it, 875mm | 875ma_;) 


Segment A,(mm*) (d,);(mm) (J,.),(mm*) (Ad?),(mm‘) (J,.), (mm) 
1 ——-2{100(25)} 100 2 [fx(100) (25%) 50.0(10) — $0.130( 10%) 
2 25 (325) 0 ty (25) (325?) 0 71.519(10%)  /GOmm 
3 100(25) 0 ty (100) (25°) 0 0.130( 10%) 


I, =£(4,), = 121.78( 10°) mm* = 122(10°) mm* Ans 


*10-36. Locate the centroid y of the composite area, then 
determine the moment of inertia of this area about the 
centroidal x’ axis. 


Composite Parts: The composite area can be subdivided into three segments The perpendicular distance 
measured from the centroid of each segment to the.x axis is also indicated. 


Centroid: The perpendicular distances measured from the centroid of each segment to the xaxis are indicated in Fig. a. 


= yA = (X62) + 2B.5(3D] = 1.833in. = P 
y u (6X2)+ 213 D] 833 in. = 1.83 in. Ans. 


Moment of Inertia: The moment of inertia of each segment about the x' axis can be determined using the parallel - axis theorem. 
Thus, 


I = 1, + A(dy)? 


= [F002 6(2\1.833- 0? + en \(3\(3.5- 1.833) 


= 33.5in* Ans. 
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¢10-37. Determine the moment of inertia of the 
composite area about the centroidal y axis. 


Moment of Inertia: The moment of inertia of each segment about the y axis can be determined using the parallel - axis theorem. 
Thus, 


ly = 1, + A(d,)? 


a 3 sd sacigD 2 
=| Sexe )]+4-t ea )+3(1)(2.5) 


=74in* Ans. 


10-38. Determine the distance y to the centroid of the 
beam’s cross-sectional area; then find the moment of inertia 
about the x’ axis. 50 mm 150 mm 


__ EA _ 50(100)(200) + 250(100)(300) | 19 sm Ams 


; =A 100( 200) + 100( 300) 


bea (200% 100)? + 2004 100)( 170 - $0)? 


+ 2 (100)(300)? + 100(300)(250— 170? 


= 722(10)° mm‘ Ans 
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10-39. Determine the moment of inertia of the beam’s 
cross-sectional area about the x axis. 


50 mm | 50 mm 


bs [50200.0" + (02,0.1)0.05)"] 


+[ 70.003? + (190390.257] = 217(107) mA 
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*10-40. Determine the moment of inertia of the beam’s 
cross-sectional area about the y axis. 


50 mm | 50 mm 


Ls =! 100)(200)’ + (3001 100)? =91.7(10)* mm* Aas 
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°10-41. Determine the moment of inertia of the beam’s 
cross-sectional area about the x axis. 


i 


50mm 50mm 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into two segments as shown in Fig. a. Here, 
segment (2) is a hole, and so it contributes a negative moment of inertia. 


Moment of Inertia: Since the x axis passes through the centroid of both rectangular segments, 


I, =(1,), +(I, )o 
- ~(100}(260°) —(92.5)(2305) 


= 52.110°) mm* 


ben 


[30mm 1omm 


jo xX a7 
Cc, 
[320mm a (15mm 


a) 
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10-42. Determine the moment of inertia of the beam’s 
cross-sectional area about the y axis. 


50mm 50mm 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into two similar segments (2) and one 
segment (1) as shown in Fig. a. The location of the centroid of each segment is also indicated. 


Moment of Inertia: Since the y axis passes through the centroid of each segment, 
ly = (ly), 


= 4 Fasaoo? )] + e2307.5° 53) 


= 2.51(10° ) mm* 
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10-43. Locate the centroid y of the cross-sectional area 
for the angle. Then find the moment of inertia J, about the 
x’ centroidal axis. 


Centroid : The area of cach segment and its respective centroid are tabulated below. 


Segment A(in?) y(in.) yA(in’) 
1 6(2) 3 36.0 
2 6(2) 1 12.0 


> 24.0 48.0 


tyA 48.0 : 
yo = q A 
"Ti "30 7" = 
Moment of Inertia : The moment of inertia about the x’axis for each segment can be 


determined using the parallel - axis theorem /,. = [,. +Ad’. 
Segment A,(in*?) (d,),(in.) (&-), (int) (Ad?) (in*) (Z,-), (in*) 


1 2(6) 1 45(2)(6) 12.0 48.0 
2 6(2) 1 +(6)(2°) 12.0 16.0 


I, =Z(I,-), = 64.0 in® 


*10-44. Locate the centroid x of the cross-sectional area 
for the angle. Then find the moment of inertia /,, about the 
y’ centroidal axis. 


Centroid : The area of each segment and its respective centroid are tabulated below. 


Segment A(in*) ¥(in.) ¥A(in?) 
1 6(2) 1 12.0 
2 6(2) 5 60.0 


>» 24.0 72.0 


#21 =e =3.00in Ans 
Moment of Inertia : The moment of inertia about the y’axis for each segmentcan be 


determined using the paralfel ~ axis theorem 1. =], +Ad_. 


Segment A,(in*) (d,),(in.) (4.),(im*) (Ad?),(in*) (J,-), (in*) 
l 6(2) 2 tr (6) (2?) 48.0 52.0 
2 2(6) 2 ts (2)(6) 48.0 84.0 


1. =E(J-), = 136 in* 


960 


10 Solutions 44918 1/28/09 4:22 PM Page 961 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


10-45. Determine the moment of inertia of the 
composite area about the x axis. 


Composite Parts: The composite area can be subdivided into three segments as shown in Fig.a. The perpendicular distance measured from 
the centroid of each segment to the x axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the x axis can be determined using the parallel - axis theorem. Thus, 
Iy = Ty +A(dy? 


- [i ctsoxan0® )+300(150, 07 |+ [-.tso1as0 + 150115075? | +| 1(150,1509)+ £.150y150%50? | 


= 54%10°) mm* Ans. 


961 


10 Solutions 44918 1/28/09 4:22 PM Page 962 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


10-46. Determine the moment of inertia of the composite 
area about the y axis. 


Composite Parts: The composite area can be subdivided into three segments as shown in Fig.a. The perpendicular distance measured from 
the centroid of each segment to the y axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the y axis can be determined using the parallel - axis theorem. Thus, 
ly =] +A(d,) 
= [Fc1s0x150%)+ 1501504757] + [$5 1sx 300° \+ 15(300,(0? |+| -(150,150°)+ 2(150x150x50? 


= 548 10°) mm* Ans. 


l50mm\ /Somm 


(2) 
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10-47. Determine the moment of inertia of the composite 
area about the centroidal y axis. 


150 mm'150 mm 


Composite Parts: The composite area can be subdivided into four segments as shown in Fig.a. Since segment (4) is a hole, it contributes 
a negative moment of inertia. The location of the centroid for each segment is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the y axis can be determined using the parallel - axis theorem. Thus, 
7 2 
ly =ly +A(d,) 


- kl (240 150° ) + 240 150)? || caso a0? )+ 4501300K0)? |+ [- —(8503(2003)+ (-350( 200) o?| 


= 914(10°) mm4 Ans. 
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*10-48. Locate the centroid y of the composite area, then 
determine the moment of inertia of this area about the 
x' axis. 


150 mm 150 mm 
Composite Parts: The composite area can be subdivided into three segments as shown in Figs.a and b. Since segment (3) is a hole, 
it should be considered a negative part. 


Centroid: The perpendicular distances measured from the centroid of each segment to the x axis are indicated in Fig. a. 


1 
s3¢{ 4,200, 240)} +225(300(450)) + 225{ -200(350)) P 
2 aa Pe ee 


+ (300,240) +300(450) - 200( 350) 101(10° ) 


Moment of Inertia: The moment of inertia of each segment about the x’ axis can be determined using the parallel - axis theorem. 
The perpendicular distance measured from the centroid of each segment to the x’ axis is indicated in Fig. b. 


Ig = Tye + Ady) 
‘ [$5 200x408 1+ 5(300\240\196.29) | + [$5°200% 450°)+ 300(450,108.71) 


+f - p2omysso? )+ (-200(350)( 108.707 | 


(501m 
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e10-49. Determine the moment of inertia /, of the 
section. The origin of coordinates is at the centroid C. 


C 
600 mm 


Moment of Inertia : The moment of inertia about the x’ axis for each segment can be determined 
using the parallel - axis theorem J,. = ],.+Ad?. 


Segment A,(mm*) (d,),(mm) (i,.),(mm*) (Ad?) (mm‘) (J,.), (mm*) 
1 200(20) 110 (20)(200°)  48.4(10*) 61.7331) 
2 640(20) 0 4; (640) (20°) 0 0.427( 10°) 
3 200(20) 110 tr (20)(200°) -48.4( 10%) 


I. = Z(/,-), = 123.89( 10°) mm* = 124( 10°) mm* 


10-50. Determine the moment of inertia J y’ of the section. 
The origin of coordinates is at the centroid C. 


| 


200 mm 


Z 
a a 


20 mm — ‘Gc: 


20 mm—- 


Moment of Inertia : The moment of inertia about the y “ axis for each segment can be determined 
using the parallel — axis theorem J. =i, +Ad?. 


Segment A,(mm*) (d,),(mm) (J,.),(mm*‘) (Ad?), (mm‘) (4,-), (mm*) 
200(20) 310. (200) (20°) 38 AR(10%) ——384.53( 104) 
640(20) 0 x (20) (640°) 0 436.91 (10°) 
200(20) 310 fr (200)(20°) -384.4(10°) —-384,53( 10°) 


I, =E(J-), = 1.206( 10°) mm‘ = 1.21( 10°) mm* 
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10-51. Determine the beam’s moment of inertia J, about 
the centroidal x axis. 


Composite Parts: The composite cross - sectioned area of the beam can be subdivided into three segments as shown in Fig. a. 
The locations of the centroid for each segment is also indicated. 


Moment of Inertia: Since the centroid of each segment is located about the x axis then 


wide Big uke hh 3 
I, = T(15\(100" )+ = (15)( 100°) + 5 (170)(10") 


= 2.51(10°)mm4 
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*10-52. Determine the beam’s moment of inertia J, about 
the centroidal y axis. 


Composite Parts: The composite area can be subdivided into three segments as shown in Fig. a. The perpendicular distance 
measured from the centroid of each segment to they axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the y axis can be determined using the parallel - axis theorem. 
Thus, 


ly =1y +A(d,)? 


S(100)1159) + 100(15%92.5)7|+ [p5ctoovas® “ 100115}92.5)? | +{ 0x70" )+ 17a(10,0) 


= 29,%10°) mm* Ans. 
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e10-53. Locate the centroid y of the channel’s cross- 
sectional area, then determine the moment of inertia of the 
area about the centroidal x’ axis. 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into segments as shown in Figs.a and b. 


Centroid: The perpendicular distances measured from the centroid of each type of segment to the.x axis are also indicated in Fig. a. 
Thus, 


=—— = 475in Ans. 


= _ BA _ 6.25(14(0.5)) + (3X2X6K0.5) _ 61.75 
Y= SA 140.5) +(2K6K0.5) rT) 


Moment of Inertia: The moment of inertia of each segment about the x’ axis can be determined using the parallel - axis theorem. 
The perpendicular distance measured from the centroid of each type of segment to thex’ axis is indicated in Fig. b. 


Igt = Ty + A(dy' 


od [Ftisnos?y+ wots? |+] (046% }+ 6105x179? | 


= 15.896 + 36.375 = 523 in* 
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10-54. Determine the moment of inertia of the area of the 
channel about the y axis. 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into two segments as shown in Fig. a. Here, 
segment (2) is a hole, and so it contributes a negative moment of inertia. 


Moment of Inertia: Since the x axis passes through the centroid of both rectangular segments, 
1, =( Ix); +(I, )o 


i 3 1 3 


= 388 in* 
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10-55. Determine the moment of inertia of the cross- 
sectional area about the x axis. 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into two segments as shown in Fig. a. Here, 
segment (2) is a hole, and so it contributes a negative moment of inertia. 


Moment of Inertia: Since the x axis passes through the centroid of both rectangular segments, 
I, =( Ir); +(I, )o 


l 3)_ | 3 
= —(100)(200”) — —(90)(180 
Ti ue ) se (180) 


= 22,%10°) mm* 
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*10-56. Locate the centroid x of the beam’s cross- 
sectional area, and then determine the moment of inertia of 
the area about the centroidal y’ axis. 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into segments as shown in Fig. a. 


Centroid: The perpendicular distance measured from the centroid of each type of segment to they axis is also indicated in Fig. a. 
Thus, 


 — BEA _ 95(10(180)) + 50(2(100(10) _ 27110") _ 5, 55 
10(180) + 2(100 10) 3.{10°) 


Moment of Inertia: The moment of inertia of each segment about the y’ axis can be determined using the parallel - axis theorem. 
The perpendicular distance measured from the centroid of each type of segment to they’ axis is indicated in Fig. b. 


7 2 
ly’ = Ty + A(d;’) 


= [.e80x10%)+ 180(103 23.68)" + kl llox 100° } + 2(100)(10) 2132)| 


12 
= 3,60(10°) mm* 
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°10-57. Determine the moment of inertia of the beam’s 
cross-sectional area about the x axis. 


Composite Parts: The composite area can be subdivided into segments as shown in Fig.a. The perpendicular distance measured 
from the centroid of each segment to the x axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the x axis can be determined using the parallel - axis theorem. 
Thus, 


I, = Ty + A(dy)” 


= [> fce20n12°)}s 226 12\(1 19? | pcv2y100%) + acraqi00y75? || { anise?) + x129150)0) | 


=114.62(10°) mm4 = 115(10°)mm* Ans. 
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10-58. Determine the moment of inertia of the beam’s 
cross-sectional area about the y axis. 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into segments as shown in Fig. a. The 
perpendicular distance from the centroid of each segment to the x axis is also indicated. 


Moment of Inertia: The moment of inertia of each segment about the y axis can be determined using the parallel - axis theorem. 
Thus, 


=I, 
ar —(122267) + a226q12.07 |: [4{ 200% 12%} +acrooa2yr19? || casey?) + arsoyr2yaan? | 


= 152.94(10°) mm* = 15%10°)mm* Ans. 
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10-59. Determine the moment of inertia of the beam’s 
cross-sectional area with respect to the x’ axis passing 
through the centroid C of the cross section. y = 104.3 mm. 


Moment of Inertia : The moment of inertia about the x’ axis for each segment can be determined using 
the parallel - axis theorem /,. =].+Ad>. 


Segment A,(mm*) (d,)/(mm) (i,.),(mm*) (Ad?),(mm*‘) (J,.), (mm*) 
(17.5?) 113.2 3(17.5*) 12.329( 10%) 12.402( 10%) 
15(150) 20.7 77 (15)(150?) —-0.964(10°) 5.183( 10°) 
(25?) 79.3 3 (254) 12.347(10%) :12,654(10%) 


I. =E(1,-), = 30.24( 10°) mm* = 30.2( 10°) mm* Ans 


*10-60. Determine the product of inertia of the parabolic 
area with respect to the x and y axes. 


Due to symmetry about y axis 


lf, 20 Ans 
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¢10-61. Determine the product of inertia /,, of the right 
half of the parabolic area in Prob. 10-60, bounded by the 
lines y = 2in.and x = 0. 


dA=xdy 


ly = J ayaa s f 


a 


(:) (y)e dy) 


- [1G )= By] = oso 
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10-62. Determine the product of inertia of the quarter 
elliptical area with respect to the x and y axes. 


Differential Element: The area of the differenial element parallel to the y axis shown shaded in Fig. a is dA = y dr. Here, 


y= ja” — x” .Thus, dA = LB — x” de. The coordinates of the centroid of this element are x, = xand y, = z= = da? ing’, 
a a 


Thus, the product of inertia of this element with respect to the x and y axes is 
dl xy = dI,'y’ + AX Ye 
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10-63. Determine the product of inertia for the area with 
respect to the x and y axes. 
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*10-64. Determine the product of inertia of the area with 
respect to the x and y axes. 


y=4- 8) 


Differential Element: The area of the differential element parallel to they axis shown shaded in Fig. ais 


dA =y de =FG- 8) de -[ 3-21] Te nnn tte centroid of this element are = x and j = -3 = -{2- a} 


Thus, the product of inertia of this element with respect to the x and y axes is 
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°10-65. Determine the product of inertia of the area with 
respect to the x and y axes. 


8y = 2° + 2x? + 4x 


Differential Element: The area of the differential element parallel to the y axis shown shaded in Fig. ais 
dA=yd= a +2x? +4x) de. The coordinates of the centroid of this element are Z = x and 5 = > 


Thus, the product of inertia of this element with respect to the x and y axes is 
d xy = diy'y'+ dAxy 


‘ o+( 2? +2x + 4x) as af oes? +2x? +4n)| 


-_! 2 2 
= mee +2 +4x)?x de 


Product of Inertia: Performing the integration, 


4in. 
ley =f dy =f ahe7 4.4 x5 4 1205 + 164 + 16x3) de 
0 128 
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10-66. Determine the product of inertia for the area with 
respect to the x and y axes. 
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10-67. Determine the product of inertia for the area with 
respect to the x and y axes. 


The product of inertia of the element (shaded) is 


dl, = diy y- + dAxy 


- e 
=0+ (6-2) (dn(24+ ==) = =F -2) dy Where = od 


_lfye Pa 
=5(6 7 \e 
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*10-68. Determine the product of inertia for the area of 
the ellipse with respect to the x and y axes. 


Sede, ty 
J a7 da = "yoy ax 
l¢s 
3J, ree 


ly 2 
3 4016 -27)x dx 


¢10-69. Determine the product of inertia for the parabolic 
area with respect to the x and y axes. 


dly = diy » + dAZY 


woes [Qe 


1¢4 1 3I4 
“ af Pdr rad = 10,6667 = 10.7 in‘ 
2), 6 lo 
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10-70. Determine the product of inertia of the composite 
area with respect to the x and y axes. 


Composite Parts: The composite area can be subdivided into two segments as shown in Fig. a. Since segment (2) is a hole, it 


should be considered a negative area. The perpendicular distances measured from the centroid of each segment to thex and y axes 
are also indicated. 


Product of Inertia: Since the centroidal axes are the axes of symmetry for both segments, then (7 xy’ ), = (7, ry’) 3 = 0. The product of 


inertia of each segment with respect to thex and y axes can be determined using the parallel - axis theorem. 
Ixy =(Ix'y’) + Addy = Ad xy 


= 4(4)(2\2)+(-m(1.5 2)\2\2) = 64+(-9m) = 35.7 in* 
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10-71. Determine the product of inertia of the cross- 
sectional area with respect to the x and y axes that have 
their origin located at the centroid C. 


Product of Inertia : The area for cach segment, its centroid and product of 
inertia with respect to x and y axes are tabulated below. 


Segment A,(in?) (d,);(in.) (d,),(in.) (J,, ), (in) 
I 3(1) 2 3 18.0 


2 7(1) 0 0 0 
3(1) -3 18.0 


f,, =2(1,,) , = 36.0 in® 


*10-72. Determine the product of inertia for the beam’s 
cross-sectional area with respect to the x and y axes that 
have their origin located at the centroid C. 


I, = 25(5)(10)(-15) + 50(5)(-5)(7.5) =-28.1(10°) mm* Ans 
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°10-73. Determine the product of inertia of the beam’s 
cross-sectional area with respect to the x and y axes. 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into three segments 
The perpendicular distances measured from the centroid of each element to thex and y axes are also indicated. 


Product of Inertia: Since the centroidal axes are the axes of all the segments are the axes of symmetry, then/,,'y’ = 0. Thus, 
the product of inertia of each segment with respect to thex and y axes can be determined using the parallel - axis theorem. 
ley = hey + Mad = Addy 
= 90(10)(55)(295) +300(10)(S (150) + 90(10)(55)(5)= EI, = 17.10%) mm* 


10-74. Determine the product of inertia for the beam’s 
cross-sectional area with respect to the x and y axes that 
have their origin located at the centroid C. 


Ley = 5(1)G.5)(—2) + 5C)(-5.5) 2) 


=-110in‘ Ans 


985 


10 Solutions 44918 1/28/09 4:22 PM Page 986 ¢ 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


10-75. Locate the centroid x of the beam’s cross-sectional 
area and then determine the moments of inertia and the 
product of inertia of this area with respect to the u and 
v axes. The axes have their origin at the centroid C. 


Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the left of the beam's 
cross - sectional area leads to 


5 et, SO A, £8200 es 482 ce Ans. 


=A 2(175\(20) + 360(20) 
Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes with the parallel - axis theorem gives 
k= o #075,20°)+ 175(20,190)7| + = (20,360 ) 
= 330.6% 10°) mm* 
ly = a (203175?) 20(175)(39.307 }+| Fees0x20? )+360(20(38.207)| 
= 39.4 10°) mm* 
Since the cross - sectional area is symmetrical about the x axis, J, = 0. 
Moment and Product of Inertia with Respect to the u and v Axes: With @ = -60°, 
a eee 


[me +39.42 , 330.69 -39.42 
2 2 
= 112.25(10°) mm* = 112(10°) mm* 


[pty Iy-I 
ly = A 00528 + lay sin 28 


cos(-120°) — Osin(-120°) 108) 


_ [330.69+39.42 330.69 -39.42 
= 2 2 
= 257.88(10°) mm* = 258(10°) mm* 


I,-1 
Iyy === sin 20 + Iyy c0s28 


cos(—120°) + Osin(-120°) f10%) 


* ae —39.42 
7 2 


= -126.12(10°) mm* = -126(10° ) mm* 


sin( 120°) + 0con(-120") [108 
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*10-76. Locate the centroid (x, y) of the beam’s cross- 
sectional area, and then determine the product of inertia of 
this area with respect to the centroidal x’ and y’ axes. 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into three segments as shown in Figs.a and b. 


Centroid: The perpendicular distances measured from the centroid of each segment to the xand y axes are indicated in Fig. a. 


= 45.52 mm =45.5mm Ans, 


=A 90(10) +300(10) + 190(10) 5.8(10°) 


FA _ 295(90(10)) + 150(300(10)) + 5(19010)) _ 7250107) _ | 
tA 90(10) +300(10) + 190(10) 5.8(10°) 


y= 25mm Ans. 
Product of Inertia: Since the centroidal axes are the axes of all the segments are the axes of symmetry, then Ty" = 0. Thus, the 
product of inertia of each segment with respect to the x’ and y’ axes can be determined using the parallel - axis theorem. The 
perpendicular distances measured from the centroid of each segment to thex’ and y’ axes are indicated in Fig. b. 
Ixy" = Tyry’ + Ady/dy' = Adx'dy’ 
= 90 109.483) 170) +300(10)(—40.52 25) + 190(10}{ 59.48)(-120) = El,’y’ = -15.15(10°) mm* 
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°10-77. Determine the product of inertia of the beam’s 
cross-sectional area with respect to the centroidal x and 
y axes. 


Composite Parts: The composite cross - sectional area of the beam can be subdivided into three segments as shown in Fig. a. 
The perpendicular distances measured from the centroid of each segment to the xand y axes are also indicated. 


Product of Inertia: The product of inertia of segment (2) is equal to zero, (7 - ry’) = 0 since the x and y axes are axes of symmetry. 


2 
Also, the centroidal axes of segments (1) and (3) are axes of symmetry. Thus, (ivy), = (ix-y'), = 0. Using the parallel - axis 


theorem,the product of inertia of the two segments can be determined from 
Igy = Tyty’ + Addy = Ad ydy 
= 90(10)(-50)( 145) + 90(10 )(50)(— 145) = —13.05(10°) mm* 
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10-78. Determine the moments of inertia and the product 
of inertia of the beam’s cross-sectional area with respect to 
the wu and v axes. 


Moment and Product of Inertia with Respect to the x and y Axes: Since the rectangular beam cross - sectional area is 
symmetrical about thex and yaxes, I, = 0. 


oe: ree | l 3 4 
I, = TF GN )= 54 in Ty = FOS" )= 13.5 in 


Moment and Product of Inertia with Respect to the u and v Axes: With 6 = 30°, 
I,t+tl, I,-1 
=—>*+ - ~ cos 20 —Iy sin20 
- 544135 | 54 - 13.5 


5 cos 60° — 0sin60° 


cos2@ +I sin20 


_ 544135 54-13.5 
2 2 


= 23.6in* 


cos 60° + 0sin60° 


I, -I 
ie = 7 sin28 + Ly cos 20 
_ 54-13.5 
2 


sin60° + Ocos 60° 


= 17.5 in* 
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10-79. Locate the centroid y of the beam’s cross-sectional 
area and then determine the moments of inertia and the 
product of inertia of this area with respect to the u and 
v axes. 


Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the bottom of the beam's 
cross - sectional area are indicated in Fig. a. Thus, 
= SycA _ 12.25(10)(0.5) + 2[10(4)(0.5)] + (12)(1) 
= 10(0.5) + 2(4)(0.5) + 141) 


= 8.25 in. 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes are indicated in Fig. b. Using the parallel - axis theorem, 


I, = [amos y+ 1000.5, |+ 40s 43 yroscani.75) || Ea 12°) + 102x2.25)* 


= 302.44 in* 
_ J 3 Eg 3 7 ae eh 3 
ly =F 0.5(10 V+} cayos )+ 4(0.5)(0.75) I fla") 


= 45 in? 
Since the cross - sectional area is symmetrical about the y axis, J, = 0. 


Moment and Product of Inertia with Respect to the u and v Axes: With @ = 60°, 
T+. T,-1. 
Ly = St 00826 = Ly sin2 
_ 302.44+45 4 302.44 — 45 
2 2 
= 109.36 in* = 109 in* 
I,+l, I,-I 
—— - =~ 010520 +1, sin29 
> 2 ad 
_ 302.444+45 — 302.44~ 45 


2 2 
= 238.08 in* = 238 in* 


cos 120° — Osin 120° 


v= 


cos 120° + Osin 120° 


7 
Ww = sin26 + I, cos 26 


= SER sin 120° + 000s 120° 


=111.47in* =111 in* 
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*10-80. Locate the centroid x and y of the cross-sectional 
area and then determine the orientation of the principal 
axes, which have their origin at the centroid C of the area. 
Also, find the principal moments of inertia. 


Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the left and bottom of the 
beam's cross - sectional area are indicated in Fig. a. Thus, 


6(0.5)+ 5.{0.5) 
‘A _ 3(6(0.5)+0.25(5.5 0.5) _ Sivas 
7 6(0.5)+ 5.40.5) = 1.685 in. = 1.68 in Ans. 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes are indicated in Fig. b. 
I, = [eesos? 1+5.5(0.541.435%)| + [Rose 0.4 ox1313%)| 


= 19.908 in* 
ly = [Roos )+ 6(0:5x1.485%)| + [o155°)+ 0K 5.5x1.5657)| 
= 19,908 in* 
Igy = 6(0.5\ 1.435 1.315) + 5.5(0.5\(1.565)(-1.435) 
= -11.837in* 


_ 19.908 + 19.908 n 19.908— 19.908 
2 2 


= 19,908 + 11.837 
Imax =31-7in* —Ingin, = 8.07in* = Ams, 


2 
+(-11.837)7 


Orientation of Principal Axes: 
-1 ix 
en! : ee 11.837) 2 
P (1, —1y)/2 (19.08 19.08) /2 
28 p = 90° and —90° 
6p = 45° and —45° Ans. 


tan 20 
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Substituting @ =, = 45° 


Ip+ly 1-1 
Ly = +S 00828 — Hay sin 28 
- 19.908 + x8 19.908- oo a 90° — (-11.837) sin90° 


2 


= 31.7in* = Imax 


2 
This shows that /,,,, corresponds to the principal axis orientated at 
Imax = 31.7 in4 (p= 45° 


and Imin Corresponds to the principal axis orientated at 
Inin = 8.07in* — (@p)2 = -45° 


The orientation of the principal axes is shown in Fig.c. 
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°10-81. Determine the orientation of the principal axes, 
which have their origin at centroid C of the beam’s cross- 
sectional area. Also, find the principal moments of inertia. 


100 mm—199) mm 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from each subdivided 
segment to the x and y axes are indicated in Fig. a. Applying the parallel - axis theorem, 


I, = 7 $5 (e0xa0" )+ 20(20\1407)|+ 5 (200300° )= 107.8% 10° )mm* 
ly = 7 75 0xe0? )+20(80\ 507 )} +75 (200K20%) = 9.90%10°) mm4 


Igy = 80(20){ -50\(140) + 80(20)( 50)(—140) = ~22.4(10° mm * 


Principal Moment of Inertia: 


Ip+l roe 
Imax =——— + px 2 + Ixy? 
min 2 2 


_| 107.83+9.907 , 
2 
58.8674 53.841 
Imax. = 112.71(10%) = 113(10° ) mm* 
Imin = 5.02410%) =5.08(10°) mm4 


Orientation of Principal Axes: 
chy _ __{-22.4(10°) 
Ge -Fy)!2  (107.83-9.907K 10°) /2 
20 » = 24.58° and — 155.42° 
@, = 12.29° and - 77.71° 


tan 28 y = = 0.4575 


Substituting @ = 0 = 12.29° 


Iptly I,-1 
at 5 00820 — hay sin 28 


u = 

2 

_ 107.834 9.907 +( 107.83— 9.907 
a 2 2 


=112.71(10°) mm* = Imax 


Jes 24.58° — ( -22.4)sin24.58° 


This shows that J;)4x corresponds to the principal axis orientated at 
Tmax = 113(10°) mm* (0p) = 123° 


and / pj, corresponds to the principal axis orientated at 
Imin = 5-03(10°) mm* @p)2 =-71.7 


The orientation of the principal axes are shown in Fig. b. 
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10-82. Locate the centroid y of the beam’s cross-sectional 
area and then determine the moments of inertia of this area 
and the product of inertia with respect to the uv and v axes. 
The axes have their origin at the centroid C. 


Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the bottom of the beam's 
cross - sectional area are indicated in Fig. a. Thus, 
- yA  2}100(200)(25)|+ 12.2.5)( 100) 
pac. 


5A 200\25)+ 25100) mm a 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes are indicated in Fig. b. Using the parallel - axis theorem, 


I, = | 5 (25x200" )+25(200)17.5)?|+ [ F005" )+ 100(25,70) 


= 48.7%10°) mm* 
i 3 2 eo 3 
ly = 1 5 (200,25 )+200(25)(62.5) | (25) 100" ) 


= 41.6(10°) mm* 
Since the cross - sectional area is symmetrical about the y axis, J iy = 0. 


Moment and Product of Inertia with Respect to the u and v Axes: With 6 = —60°, 
I,+ly I,-ly . 
I, = gr gr eee ay sin 20 


_ = +41.67 | 3s ~41.67 
ee 


: Jeos-120%- osing-120 fo ) 


= 43.4(10°) mm* 


Iptly 1,71 
y = 00826 + Fry sin 28 


2 


” foe +41.67 _ (== 41.67 


> Joos 120°) + osig-120% [08 
= 47.0 10°) mm* 


I,-ly P 
ly = 7 sin26 + I, cos 20 


-( SBA) sin-120+ Ocos(—-120°) 


= -3.08(10°) mm* 
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10-83. Solve Prob. 10-75 using Mohr’s circle. 


Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the left of the beam's 
cross - sectional area are indicated in Fig. a. Thus, 
_ SXA _ 2{(87.5( 175 20)] + 10(360) 20) 


ZA 2(175\20)+360(20) mm = 482mm Am. 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes are indicated in Fig. b. Using the parallel - axis theorem, 


I, = 4 $5 0175) 20°)+ 175(20x190)? | + 5 (20X360*) 
= 330.6% 10°) mm* 

ly = i. (20X1753) + 20(175)39.302 )}+| 700, 20°) +360°20438.20%)| 
= 39.4X10°) mm* 


Since the cross - sectional area is symmetrical about the x axis, J, = 0. 


Construction of Mohr's Circle: The center C of the circle lies along the u axis at a distance 


Ty +1. 330.69 +39.42 
ty 


10%) mm$ = 185.06(10° )mm* 


The coordinates of the reference point A are [330.69, oKi0°) mm‘. The circle can be constructed as shown in Fig. c. The radius of 
the circle is 
R =CA =(330.69— 185.06)(10°)= 145.64(10°) mm4 


Moment and Product of Inertia with Respect to the u and v Axes: By referring to the geometry of the circle, 
Ty, = (185.06 — 145.6408 60°(10°) = 110°) mm* Ans. 
I, = (185.06 + 145.64cos 60°K10° ) = 258(10°) mm* Ans. 
Iyy = (145.64 sin60° (10°) = -126(10°) mm4 Ans. 
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*10-84. Solve Prob. 10-78 using Mohr’s circle. 


Moment and Product of Inertia with Respect to the x and y Axes: Since the rectangular beam cross - sectional area is 
symmetrical about thex and yaxes, I,, = 0. 


_l 3\_ «4:4 a! . 4 
Ie =F BX6*)= 54 in ly = Fy (O13? )= 13.5 in 


Construction of Mohr's Circle: The center C of the circle lies along the u axis at a distance 
_Ixtly  54+13.5 


. 4 
= = 33.7. 
avg 7} 2 33.75 in 


The coordinates of the reference point A are (54, 0) in* . The circle can be constructed as shown in Fig. a. The radius of the circle is 
R =CA = 54-33.75 = 20.25 in* 


Moment and Product of Inertia with Respect to the a and v Axes: By referring to the geometry of the circle, 
1, = 33.75+ 20.25c0860° = 43.9 in* Ans. 
1, = 33.75— 20.25c0s60° = 23.6 in4 Ans. 
Iyy = 20.25sin 60° = 17.5in* Ans. 
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°10-85. Solve Prob. 10-79 using Mohr’s circle. 


Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the bottom of the beam's 
cross - sectional area are indicated in Fig. a. Thus, 
= SyA _ 12.2510 0.5) + 3104 X0.5)] + 6121) 
y= TA = 


10.5) + 2(4X 0.5) + 12(1) seem. Aae 


Monrent and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes are indicated in Fig. b. Using the parallel - axis theorem, 


I, = [e00Kos%s 10¢054)? | + f Biosye? yoscay.75? |4| Lay 127 )+ 1023225) | 


= 302.44 in* 
1 3 1 3 72) (Paee 3 
=—(0.5(10 —(4)(0.5~)+ 4(0.50.75)* |+—-(12X1 
y = 7 OOK ro Fear )+ 4(0.5K | Baan) 
= 45in* 
Since the cross - sectional area is symmetrical about the y axis, J,, = 0. 
Construction of Mohr's Circle: The center C of the circle lies along the u axis at a distance 


_ixtly _ 30244445 


lug =—5 >= 173.72 in* 


The coordinates of the reference point A are (302.44, 0) in‘. The circle can be constructed as shown in Fig.c. The radius of the 
circle is 
R =CA =(302.44 — 173.72)= 128.72 in* 


Moment and Product of Inertia with Respect to the u and v Axes: By referring to the geometry of the circle, 
Iy, = 173.72 — 128.72.00860° = 109 in* Ans. 
1, =173.72 + 128.72.00s60° = 238 in4 Ans, 
I) = 128.72sin60° = 111 in* Ans. 
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10-86. Solve Prob. 10-80 using Mohr’s circle. 


Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the left and bottom of the beam's 
cross - sectional area are indicated in Fig. a. Thus, 
= _ EXA _ 0.25(6K(0.5)+ 3.24 5.50.5) - 5 
—- 1,685 in.= 1.68 Ans. 
7 6054556). 


ZA 
= _ BGA _ 3(6X0.5)+0.2555KO5) _ 1 6asin = 1.68: = 
>= TA 6(0.5) + 5.40.5) LES aL 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes are indicated in Fig. b. 


I= [Fsscos )+5.5(0:541.435%)]+ [Fiske 0X oxisis%)| 


= 19.908 in* 


ly= [Zoos 1+605x1.435%)| + [Fiosxss? )+ 0% 5.541.565°)] 
= 19.908 in* 
Igy = 6(0.5X-1.435X1.315)+5.5(0.5X 1.565) -1.435) 


= -11.837in* 


Construction of Mohr's Circle: The center C of the circle lies along the u axis at a distance 


_latly _ 19.908+ 19.908 «4 _ 19.998 in4 


I 
| 2 


The coordinates of the reference point A are (19.908, —11,837) in*. The circle can be constructed as shown in Fig.c. The radius of 
the circle is 

R =CA =11.837in* 
Principal Moment of Inertia: By referring to the geometry of the circle, 


Imax. = 19.908 + 11.837 =31.7 in*® Ans. 

Imin = 19.908 — 11.837 = 8.07 in* Ans. 
Orientation of Principal Axes: Here (9), and @ p )2 are the orientation of the principal axes about which / max aNd /mpin OCCUr, 
respectively. By observing the geometry of the circle, 

26) = 90° (ph = 45° (counterclockwise) Ans. 

26 p)2=90° ——-(@p)2. = 45° (clockwise) Ans. 


1.4351" 


43570 
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10-87. Solve Prob. 10-81 using Mohr’s circle. 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from each subdivided 
segment to the x and y axes are indicated in Fig. a. Applying the parallel - axis theorem, 


3 =| $5 20x20? + 20c2ny140%)]+ + 20.300?) = 107.8310%) mm* 


ion 7 5 c0xe0? + 20(80,:0%) | +5 00,20°) = 9.90%10°) mm4 
Igy = 80(20\ 50140) + 80(20\(50)(-140) = -22.4(10°) mm* 


Construction of Mohr's Circle: The center C of the circle lies along the u axis at a distance of 


I, +1 
layg => ~( F327 106) = 58.867108) mm 


The coordinates of the reference point A are (107.83, 22.4) mm‘. The circle can be constructed as shown in Fig. b. The radius of 
the circle is 


R=CA -( 410783 58.867) +(-22.4)? Joos = 53.8410 %) mm4 


Principal Moment of Inertia: By referring to the geometry of the circle, we obtain 
Imax = (53.84 + 53.84)(10%) = 112.70(10°)= 11 10°) mm* 
Imin = (53.84 - 53.84)(10° ) = 5.026(10° )= 5.0% 10°) mm* 


Orientation of Principal Axes: Here (6p); and (6p )2 are the orientation of the principle axes about which I max and [min Occur. 
From the geometry of the circle, 


(0 p ) = 12.29° = 12.3° (counterclockwise) 
Thus, 
20 pz = 180° - 28, = 155.42° 
(@ Pp )2 = 77.7° (clockwise) Ans. 


The orientation of the principle axes are shown in Fig. c. Tyy 0% mmt 
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*10-88. Solve Prob. 10-82 using Mohr’s circle. 


Centroid: The perpendicular distances measured from the centroid of each subdivided segment to the bottom of the beam's 
cross - sectional area are indicated in Fig. a. Thus, 


= _ 39 _ 2[100(200\(25)] + 12.5(2.5\100) 
y= TA = 


2(200K 25) + 25( 100) =82.5mm Ans. 


Moment and Product of Inertia with Respect to the x and y Axes: The perpendicular distances measured from the centroid 
of each segment to the x and y axes are indicated in Fig. b. Using the parallel - axis theorem, 


l= oy (25x200"+25(200317:5)?] + [ Fes00x2s? )+ 100(25 70? 
= 48.78 10°) mm* 
bys 2 (200,25? + 200(25, 62.57 | +1 25« 100") 


= 41.6410°) mm* 
Since the cross - sectional area is symmetrical about the y axis, /,, = 0. 


Construction of Mohr's Circle: The center C of the circle lies along the u axis at a distance 


Ty +l. 
Bt sade B -( BB+ S005 um" = 45.22(10°) mm4 


layp = 
avg 2 2 


‘The coordinates of the reference point A are [48.78, 010°) mm* . The circle can be constructed as shown in Fig. a. The radius of 
the circle is 


R =CA =(48.78- 45.22)(10°) = 3.5 10°) mm* 


Moment and Product of Inertia with Respect to the u and v Axes: By referring to the geometry of the circle, 
Ty =(45.22— 3.56 00860° (10°) = 43.4(10°) mm* Ans. 
1, =(45.22+ 3.56008 60°)(10°) = 47.0(10°) mm* Ans. 
Iyy = —3.56sin60° = ~3.08(10°) mm*4 Ans. 
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°10-89. Determine the mass moment of inertia J, of the 
cone formed by revolving the shaded area around the z axis. 
The density of the material is p. Express the result in terms 
of the mass m of the cone. 


Differential Element: The mass of the disk element shown shaded in Fig. ais dn = pdV = pardc, Here, rayato—“2e 


Thus, dn = pr{ro—Z2=) ae The mass momen finer his clement sou he: ai isd, =f? =5(oway? 


From the result of the mass, we obtain pxr,"h = 3m. Thus, J, can be written as 


1 1 3 
Ie = 5g( Pm oho? = Fe C3mig? = sem? 


10 Solutions 44918 1/28/09 4:22 PM Page 1005 ¢ 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


10-90. Determine the mass moment of inertia J, of the 
right circular cone and express the result in terms of the 
total mass m of the cone. The cone has a constant density p. 


Differential Disk Element : The mass of the differential disk element is dm 
= pdV = pmy"dr = oa Ja The mass moment of inertia of this element 

: a va. Po P 4 = pr , 

is di, = zamy slon(G ele }- Te dx. 


Total Mass : Performing the integration, we have 


wl. fnfelan 2 


Mass Moment of Inertia : Performing the integration, we have 


3pm 


ty 
prt , (= 1, 
L= s oe SS eee | —_ 
1 =| di, ort (Fi, smh 


The mass moment of inertia expressed in terms of the total mass is 


Lao =— 
ls wa(50™"h)+ 10” Ans 
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10-91. Determine the mass moment of inertia J, of the 
slender rod. The rod is made of material having a variable 
density p = po(1 + x/l), where pp is constant. The cross- 
sectional area of the rod is A. Express the result in terms of 
the mass m of the rod. 


Differential Element: The mass of the differential element shown shaded in Fig. ais dn = pdV = pe{ 1+ Jade ~ pol 142 |, 


where dA is the cross - sectional area of the rod. The mass moment of inertia of this element about the < axis is dl , = r2dm.Here, r = x. 


3 
mesedfl ition 


Mass: The mass of the rod can be determined by integrating dn. Thus, 


wo f on [roles oof ne] foun 


Mass Moment of Inertia: Integrating d/,, 


From the result of the mass, we obtain p, Al = 3 m.Thus, 1, can be written as 


ff 7(2 
I, = Fz(PoAD? - {5m 
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*10-92. Determine the mass moment of inertia J, of the 
solid formed by revolving the shaded area around the y 
axis. The density of the material is p. Express the result in 
terms of the mass m of the solid. 


Differential Element: The mass of the disk element shown shaded in Fig. ais dn = pdV = prr*dy.Here, r= zed @ 


2 
Thus, dn = pa{ + ra dy = y “dy. The mass moment of inertia of this element about the y axis is dl’y = san? 


Mass Moment of Inertia: Integrating d/y, 


2m pn 8 
Rul @ fe: 
” | ” a oy 


m 
2/2 “| =e 
512| 9 M 9 


From the result of the mass, we obtain 7p = =. Thus, ly can be writen as 
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¢10-93. The paraboloid is formed by revolving the shaded 
area around the x axis. Determine the radius of gyration k,. 
The density of the material is p = 5 Mg/m°. 


200 mm 


Differential Disk Element : The mass of the differential disk element is dm 
= pdV = pry"dx = px(S0x) dr. The mass moment of inertia of this element 


1 1 
is dl, = dy? = = [p(S0x) dr} (50x) = & ( 25003") de. 


Total Mass : Performing the integration, we have 


m=J dm={ 


200mm 


200am 
p(50x) dr = px(25x*) i. = 1( 10°) px 


Mass Moment of Inertia : Performing the integration, we have 


1 = fat, = f°" (as0ar?) ae 


° 2 
200mm 
), 


= 3,333( 10°) px 


The radius of gyration is 


ap a EEOC OY I 
n= k= 1(10) px alae 
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10-94. Determine the mass moment of inertia J, of the 
solid formed by revolving the shaded area around the y axis. 
The density of the material is p. Express the result in terms 
of the mass m of the semi-ellipsoid. 


2 
Differential Element: The mass of the disk element shown shaded in Fig. ais dn = pdV = par2dy.Here, r === b fe. 
a 


2 
2 2 
Thus, dn “of sft a= pt 1-2} Themes men ine fi cae aot sie = jn? 
a a 


7) ¥ - 4 2 
wd (par 2dy)r? = peta oh | Ze | wept 1-2, | wad pS 
3 par dy)r gem y vor? es dy zm f z\6 yoni 1a aa 


Mass: The mass of the semi - ellipsoid can be determined by integrating dn . Thus, 


a 2 3 \° 
= = z coins = 2 oe a2 
m J dn [ o= f Js pmb [ al 3 pmab 


Mass Moment of Inertia: Integrating d/ ,, 


rf ad 3. 
Brak 


From the result of the mass, we obtain prab? = 32 Thus, Jy can be written as 


a \.2 .4f3m),2 2.2 
=| pmab o—_— ==—mb 
ly aa )e 4(2)y 5 
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10-95. The frustum is formed by rotating the shaded area 
around the x axis. Determine the moment of inertia J, and 
express the result in terms of the total mass m of the 
frustum. The material has a constant density p. 


dm = pdV = pry de = px( 527 + 32+) de 

dl, = $dmy? = tpmy‘dr 

di, = tpm( Spx + Sox + Sat + Bet bY de 

I, =f dl, = spn (Sx + FP + Sit + ee bdr 


= i pnab* 


m= dm= px. (t+ exe b) dre jpxal? 


L = imi? 


1010 


10 Solutions 44918 1/28/09 4:22 PM Page 1011 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*10-96. The solid is formed by revolving the shaded area 
around the y axis. Determine the radius of gyration k,. The 
specific weight of the material is y = 380 lb/ft*. 


The moment of inertia of the solid : The mass of the disk element 
dm = pri'dy = ¢-paydy. 


J — 1 -— 
m=[,,dm= tpn yay= 12.1189 


b= fe = Pa = 156i 


1011 


10 Solutions 44918 1/28/09 4:22 PM Page 1012 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


¢10-97. Determine the mass moment of inertia J, of the 
solid formed by revolving the shaded area around the z axis. 
The density of the material is p = 7.85 Mg/m*. 


Differential Element: The mass of the disk element shown shaded in Fig. ais dn = pdV = prr?dy.Th 


of inertia of this element about thes axis is d/, = 5 ane? = 5 (onr? acy? = = Pm de Here, r== = 


1 (=?) par g 
Tae so =|: we 


Mass Moment of Inertia: Integrating d/ ,, 


4m 
'— = es LZ .8 
I: J a: J, Bin: & 


9 4m 3 
a 
23] actig 


8192| 9 9 


Substituting p = 7.85(107 )kg /minto/,, 
= = wp[78500°)]= 87.7(103) kg-m2 
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10-98. Determine the mass moment of inertia J, of the 
solid formed by revolving the shaded area around the z axis. 


The solid is made of a homogeneous material that weighs 
400 Ib. 


x 


Differential Element: The mass of the disk element shown shaded in Fig. ais dn -(£ |W = (1 }e?ae tee ray=273, 


2 
Thus, dn =(Z (29) ae(2 4/3 4- The mass moment of inertia of this element about the = axis is dly = 5 de? 


valtreP aa eens Hey = spre 


Mass: The mass of the solid can be determined by integrating dn. Thus, 


ft 3 
m=f on=[ LgtPa =A (3.78 
lo 8 g\7 


The mass ofthe solid is m = = slug. Thus, 
oe, y = 2321 Ib/t? 
g 78 


Mass Moment of Inertia: Integrating d/ ,, 
ft 
n=fa a et 834 .2(r 3 ua) _ 87736 
: 7" Jo 28 2\e hil” 8 


Substituting y = 2.3211b/ ft? and g = 32.2ft /s* into /., 


wx S7T362521) ., 63.2 sing -02 


Iz 32.2 


1013 


10 Solutions 44918 1/28/09 4:22 PM Page 1014 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


10-99. Determine the mass moment of inertia J, of the 
solid formed by revolving the shaded area around the y axis. 
The total mass of the solid is 1500 kg. 


Differential Element: The mass of the disk element shown shaded in Fig. a is dn = pdV = prrdy. Here, r=z= 2, 


2 
Thus, dn = px( 49°?) dy = fe yy. The mass moment of inertia of this element about the y axis is dy = sane 2 


4 
oi bfretah Po RE Me, Vell) ype 
= 4om?ay))? = BE ty = BE( )o-By’s. 


Mass: The mass of the solid can be determined by integrating dn. Thus, 


m 
m 4 
px 3, pr y 
=) dim p ciadd Pp Ae ea a4 
J ys a a» * 


The mass of the solid is m = 1500 kg. Thus, 


1500 = 4p pase kg/m? 
4 


Mass Moment of Inertia: Integrating diy, 
7 
=| dy= =— 
y J y J, ee sia 7 


Substituting p = 28 kg/m> into /,, 


ly = 5/3) 1.71103) kg -m? 
i T 
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*10-100. Determine the mass moment of inertia of the 
pendulum about an axis perpendicular to the page and 
passing through point O. The slender rod has a mass of 10 kg 
and the sphere has a mass of 15 kg. 


Composite Parts: The pendulum can be subdivided into two segments as shown in Fig. a. The perpendicular distances measured 
from the center of mass of each segment to the point O are also indicated. 


Moment of Inertia: The moment of inertia of the slender rod segment (1) and the sphere segment (2) about the axis passing 
through their center of mass can be computed from (/g); = + mr? and (I[g)2 = im 2 The mass moment of inertia of each segment 


about an axis passing through point O can be determined using the parallel - axis theorem. 
Io = XIg +md? 


= eau 0.457) + 10(0.2252 ) + Ei 15)(0.17) + 1,5(0.552 | 


= 5.27 kg-m* 
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¢10-101. The pendulum consists of a disk having a mass of 
6 kg and slender rods AB and DC which have a mass per unit 
length of 2 kg/m. Determine the length L of DC so that the 
center of mass is at the bearing O. What is the moment of 
inertia of the assembly about an axis perpendicular to the 
page and passing through point O? 


Location of Centroid : This problem requires x = 0.5 m. 


Lim 


i=— 
_ 1.5(6) + 0.65[ 1.3(2)] +0[L(2)] 


=e 6+ 1.3(2)+L(2) 
L=6.39m Ans 


Mass Moment of Inertia About an Axis Through Point O : The mass 
moment of inertia of each rod segment and disk about an axis passing through 


the center of mass can be determine using (Ig), = =" and (Ig), 
==mr* . Applying Eq. 10-15, we have 
Ip 2 E(Ig), +m: 
= a! 1.3(2)} (1.3) +{1.3(2)} (0.157) 


+ 16390) (6.397) +[6.39(2)] (0.5*) 


+53(0 (02) +6( 17) 


= 53.2kg-m* 
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10-102. Determine the mass moment of inertia of the 
2-kg bent rod about the z axis. 


Composite Parts: The bent rod can be subdivided into two segments as shown in Fig. a. 


2k 
Mass moment of Inertia: Here, the mass for each segment is mj = m2 = = = 1 kg. The perpendicular distances measured 


from the centers of mass of segments (1) and (2) ared; = 0.15 mand d> = 403? + 0.152 = J0.1125 m, respectively. Thus, 
the mass moment of inertia of each segment about the z axis can be determined using the parallel - axis theorem. 


I, =Z(Iz ), + ma? 
1 


=|Layo32 H0.15)| E 10.32) + 1(-J0.1125 "| 
Fe 0.3? )+ (0.15%) | +] CX +d 


= 0.150 kg- m2 


d,={omgm 
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10-103. The thin plate has a mass per unit area of 
10 kg/m”. Determine its mass moment of inertia about the 
y axis. 


Composite Parts: The thin plate can be subdivided into segments as shown in Fig. a. Since the segments labeled (2) are both holes, 
they should be considered as negative parts. 


Mass moment of Inertia: The mass of segments (1) and (2) are m; = 0.4(0.4\(10) = 1.6 kg and m2 = 70.1 2\(10) =0.12kg. The 
perpendicular distances measured from the centroid of each segment to they axis are indicated in Fig. a. The mass moment of inertia 
of each segment about the y axis can be determined using the parallel - axis theorem. 


ly = E(Iy )e + md? 


= Ft1.9(0.4? )+ 1.40.27)| - 770. 1X01? )+ 0. 1n(0.22 | 


= 0.144kg-m? 
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*10-104. The thin plate has a mass per unit area of 
10 kg/m. Determine its mass moment of inertia about the 
Z axis. 


Composite Parts: The thin plate can be subdivided into four segments as shown in Fig.a. Since segments (3) and (4) are both holes, 
they should be considered as negative parts. 


Mass moment of Inertia: Here, the mass for segments (1), (2), (3), and (4) are m, = mz = 0.4(0.4)(10) = 1.6 kg and 


m3 =m4=nr(0.1 210) = 0.1akg. The mass moment of inertia of each segment about the z axis can be determined using the 
parallel - axis theorem. 


I, =E (Iz) + md? 


= 0.6K047) +] 7 (1.6y04? + 0.42) + 1.40.2°)| = =(0.1n (0.1) [Fut xo? )+0.1%(02%)| 


= 0.113kg-m? 


1019 


10 Solutions 44918 1/28/09 4:22 PM Page 1020 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


¢10-105. The pendulum consists of the 3-kg slender rod 
and the 5-kg thin plate. Determine the location y of the 
center of mass G of the pendulum; then find the mass 
moment of inertia of the pendulum about an axis 
perpendicular to the page and passing through G. 


Tym _ 1(3)+2.2K%(5) 
se oes Blasi a Ans 


lg= Lig +md* 


7 Tyna +30.781 -1p + (SO. + 12) + $(2.25= 1.781) 


= 44S kg: m2’? Ans 
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10-106. The cone and cylinder assembly is made of 
homogeneous material having a density of 7.85 Mg/m’. 
Determine its mass moment of inertia about the z axis. 


Composite Parts: The assembly can be subdivided into a circular cone segment (1) and a cylindrical segment (2) as shown in Fig. a. 


Mass: The mass of each segment is calculated as 


m, = pV; = o( tara) = 7.85(10° | 400.15? 0.35| = 17.6625 kg 


my = pV2 = pler”h) - 7.85(10°)| 2(0.157\0.3)] = 52.9875 kg 


Mass Moment of Inertia: Since the z axis is parallel to the axis of the cone and cylinder and passes through their center of mass, 
their mass moment of inertia can be computed from (/, ); = - mr? and (J,)2 = sm or?. Thus, 

T, = Uz) +z)2 

= <(17.6625n X0.152)+ 5(52.9875m (0.15%) 


= 2.247 kg-m? = 2.25 kg-m2 
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10-107. Determine the mass moment of inertia of the 
overhung crank about the x axis. The material is steel 
having a density of p = 7.85 Mg/m*. 


m, = 7.85( 10°) ( (0.05)x(0.01)*) = 0.1233 kg 


m, = 7.85( 10°) ((0.03}(0.180}0.02)) = 0.8478 kg 


iu 1f So.2s3xa0h) +(0.1233,0067'] 


+ [om7( 0.03) +(0.80#)] 


=0.0032Skg- of = 3.29%: or Ans 


1022 


10 Solutions 44918 1/28/09 4:22 PM Page 1023 ¢ 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


*10-108. Determine the mass moment of inertia of the 
overhung crank about the x’ axis. The material is steel 
having a density of p = 7.85 Mg/m*. 


mm, = 7.85( 10 )((0.05)x(0.01)") = 0.1233 kg 


my = 7.85( 10° }((0.030. 180\(0.02)) = 0.8478 kg 


Ls [50 1233,0.07] +f $.0.1233,0.029 + (0.1233y0.1207] 


+ [ 10-2478) 0.037 + 0.1807) + 0.2478)0.007] 


= 0.00719 kg-m* =7.19 g-m* Ans. 
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°10-109. If the large ring, small ring and each of the spokes 
weigh 100 Ib, 15 1b, and 20 lb, respectively, determine the mass 
moment of inertia of the wheel about an axis perpendicular 
to the page and passing through point A. 


Composite Parts: The wheel can be subdivided into the segments shown in Fig. a. The spokes which have a length of (4 — 1) = 3 ft 


and a center of mass located at a distance of ( +3} =2.5 ft from point O can be grouped as segment (2). 


Mass Moment of Inertia: First, we will compute the mass moment of inertia of the wheel about an axis perpendicular to the page 
and passing through point O. 


= { 100} 42), gf Lf 20 )/42),( 20.) <2)|,(1S_\42 
lo-( 335 |4 roa tf 2s r+ 2 as +35} ? 


= 84.94 slug - ft? 


The mass moment of inertia of the wheel about an axis perpendicular to the page and passing through point A can be found using the 
parallel - axis theorem [4 =o +md2, where m = ms. 2). 15. = 8.5404 slug and d = 4 ft. Thus, 
32.2 32.2) 32.2 


I, = 84.94 + 8.5404(42 ) = 221.58 slug -ft? = 222 slug-ft 2 
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10-110. Determine the mass moment of inertia of the thin 
plate about an axis perpendicular to the page and passing 


through point O. The material has a mass per unit area of 
20 kg/m?. 


150 mm 150 mm 


Composite Parts: The plate can be subdivided into the segments shown in Fig. a. Here. the four similar holes of which the 
perpendicular distances measured from their centers of mass to pointC are the same and can be grouped as segment (2). 
This segment should be considered as a negative part. 


Mass Moment of Inertia: The mass of segments (1) and (2) are m, =(0.4)(0.4)(20) = 3.2 kg and m2 = 7 (0.052 20) = 0.05zkg, 
respectively. The moment of inertia of the plate about an axis perpendicular to the page and passing through pointC is 


Ic = (3.2404? + 0.42 )-4] 0.05 (0.052 ) + 0.057(0.152 ) 


= 0.7041 kg-m? 
The mass moment of inertia of the plate about an axis perpendicular to the page and passing through point O can be determined 


using the parallel - axis theorem [9 = Jc +md2, where m = my -mz =3.2 — 40.05) = 2.5717 kg and d = 0.4sin 45. Thus, 
Io = 0.07041 + 2.5717(0.4sin45°)* = 0.276 kg-m Ans. 


0.451n45'm 
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10-111. Determine the mass moment of inertia of the thin 
plate about an axis perpendicular to the page and passing 
through point O. The material has a mass per unit area of 
20 kg/m?. 


Composite Parts: The plate can be subdivided into two segments as shown in Fig. a. Since segment (2) is a hole, it should be 
considered as a negative part. The perpendicular distances measured from the center of mass of each segment to the point O are 
also indicated. 


Mass moment of Inertia: The masses of segmemts (1) and (2) are computed as m = 1(0.27\20) = 0.80 kg and m2 = (0.20.2 20) = 0.8 kg. The moment of inertia of the 
point O for each segment can be determined using the parallel - axis theorem. 


Io =XIg +m? 


= [Foe 0.27) +0.87(0.22 | = [ses 0.2? +.0.27)+ 0.80.27 | 


= 0.113kg-m? 
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*10-112. Determine the moment of inertia of the beam’s 
cross-sectional area about the x axis which passes through 
the centroid C. 


Moment of Inertia : The moment of inertia about the x axis for the composite 
beam's cross section can be determined using the parallel — axis theorem 
I, =2(J, +Ad)) . 

i -[500(@) +0] 

7 (hk 


+4 Loama f) +4a21a()2)] 


= 0.0954d* Ans 


e10-113. Determine the moment of inertia of the beam’s 
cross-sectional area about the y axis which passes through 
the centroid C. 


Moment of Inertia : The moment of inertia about yaxis for the composite 
beam's cross section can be determined using the parallel — axis theorem 
I, =2(1 +Ad?).. 


1 3 
, -[Zo(4 ) +0] 
+ 5g (0 (0.28872) + =) (0.28874) (0.59622) 
= 0.1870" Ans 
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10-114. Determine the moment of inertia of the beam’s 
cross-sectional area about the x axis. 
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10-115. Determine the moment of inertia of the beam’s 
cross-sectional area with respect to the x’ axis passing 
through the centroid C. 


0.25(0.5)(4) + 2f 1.5(2)(0.5) 
054) e2(05) 875i 


ae 5000.5) +4(0.5)(0.875 0.25 +7 50.512) +(0.5X2)(1.5=0.875)? 


=227in* Ans 


*10-116. Determine the product of inertia for the angle’s 
cross-sectional area with respect to the x’ and y’ axes 
having their origin located at the centroid C. Assume all 
corners to be right angles. 


hy 2LE5A 


c 


= (P+20-37.37)(57.37- 10)(180)(20) + (~ (57.37 — 10))(~(100 - $7.37))(200)(20) 


= 17.1(10)° mm‘ = Ans 


1029 


10 Solutions 44918 1/28/09 4:22 PM Page 1030 ¢ 


© 2010 Pearson Education, Inc., Upper Saddle River, NJ. All rights reserved. This material is protected under all copyright laws as they currently 
exist. No portion of this material may be reproduced, in any form or by any means, without permission in writing from the publisher. 


°10-117. Determine the moment of inertia of the area 
about the y axis. 


1 
Differential Element : Here, y = | (4-x7) . The area of the differential 


clement parallel othe y axis is dA = ydr = = ( 4-2") de. 


Moment of Inertia : Applying Eq. 10-1 and performing the integration, we 
have 


10-118. Determine the moment of inertia of the area 
about the x axis. 


Differential Element : Here, y = ; (4~x*) . The area of the differential 


element parallel to the y axis is dA = ydx . The moment of inertia of this 
differential element about the x axis is 


di, =dI,,+dAy? 
oMesisrasal? 
7g (ae)y" +yde( 5) 
=3[i-)] @ 
= ayy (-at + 12a ~ 482" +64) a 


Moment of inertia: Performing the integration, we have 


1 2h 
1 = J dl, = 35 f (2+ 120" ~ 487+ 64) de 


mare Teer zn 
= iga(-p pete soar) 


= 0.610 ft* 
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10-119. Determine the moment of inertia of the area 
about the x axis. Then, using the parallel-axis theorem, find 
the moment of inertia about the x’ axis that passes through 
the centroid C of the area. y = 120 mm. 


Differential Element : Here, x = ¥200y?. The area of the differential 
clement parallel to the x axis is dA = Uxdy = 2y/200ydy . 


Moment of Inertia : Applying Eq. 10-1 and performing the integration, we 
have 


= J. y'dA = fn"" ¥* (2 200y4dy ) 
na 


= 914.29( 10°) mm‘ =914(10°) mm* Ans 


The moment of inertia about the x’ axis can be determined using the parallel - 
200mm 
axis theorem. The area is A = [ daa fe 2/200yidy = $3.33( 10°) mm* 
A 


I, =[,.+Ad 
914,29( 10°) =f. +53.33( 10°) ( 120°) 


I, = 146( 10°) mm‘ 
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*10-120. The pendulum consists of the slender rod OA, 
which has a mass per unit length of 3 kg/m. The thin disk 
has a mass per unit area of 12kg/m?. Determine the 
distance y to the center of mass G of the pendulum; then 
calculate the moment of inertia of the pendulum about an 
axis perpendicular to the page and passing through G. 


LyA _ 0.75f 1.5(3)] + 1.8f m(0.3)*(12)]- 1.8{ #0. 17(12)] 
= = 


1.5(3)+ (0.3)? (12) = #(0. 1)7(12) 


=L.i73msl.i7m Ans 


lo = [1.5G)]C1.5) #[1.5)](1.1713-0.757 + 5{m0.30(12)} (0.39 +[m(0.39°(12)](1.8- 1.17137 


- s[ m0. 1)2(12)} (0.1)? -[/m(0.17°(12)](1.8- 1.17137 299g. mm? 
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e10-121. Determine the product of inertia of the area 
with respect to the x and y axes. 


Differential Element : Here, x = y3. The area of the differential element 
t 
parallel to the x axis is dA = xdy = y*dy . The coordinates of the centroid for 
Fis 
this element are Z = = = =y3, ¥ =y. Then the product of inertia for this element i 


di,, = dl,,,.+dAzy 
= o+('a)(S)on 
= vid 


Product of Inertia : Performing the integration, we have 


Im] 3 3 aia 
hy =J dy = f b= =", = 0.1875 m‘ 
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